In a two-year field experiment, no-tillage cultivation using white mustard (Sinapis alba L. 'Bardena'), 30 kg ha −1 , as a cover crop did not influence emergence of red beet (Beta vulgaris L. 'Czerwona Kula REW') and had a favorable effect on emergence of carrot (Daucus carota L. 'Berlikumer 2 -Perfekcja REW'). However, further growth of both vegetables was significantly slower under no-tillage cultivation. Both vegetables produced a higher yield of roots and the diameter of these roots was bigger under conventional cultivation. The effect of cultivation method on the content of total nitrogen, phosphorus, potassium, calcium and magnesium in carrot and red beet leaves varied, while the content of dry matter, monosaccharides and total sugars was significantly higher in the roots of both vegetables harvested under no-tillage cultivation. The number of weeds growing on no-tilled plots covered with mustard mulch 4 weeks after seed sowing was lower by about 75%, but their fresh weight was higher more than 6 times in comparison to that under conventional cultivation. This was caused by the emergence of wintering and winter hardy weeds in places not covered by mustard plants in the autumn of the year preceding the cultivation of vegetables. Next year, they started to grow in the early spring and some of them produced a considerable amount of fresh weight and attained the flowering stage in the middle of April.
Introduction
Soil is a limited, non-renewable natural resource and its protection is an important task in sustainable agriculture [1] . No-tillage cultivation using cover crops fits the principles of this agricultural system [2] [3] [4] . Cover crops have several advantages and one of them is protection against weeds [5] . In Poland's natural conditions, white mustard can be used in vegetable cultivation as a non-winter hardy cover crop [6] [7] [8] [9] . Seeded in the beginning of August, it grows fast and covers the soil surface entirely before the arrival of the winter. After the crop is killed by frost, its residues protect the soil against erosion and weeds for several months [7] [8] [9] . White mustard contains glucosinolates which inhibit the germination of weed seeds [10] . Moreover, some of its cultivars can suppress nematodes [11] which cause considerable damage in carrot and red beet cultivation [12] . The properties of no-tilled soil covered with cover crop undergo changes and this can influence the germination of seeds, then the uptake of mineral nutrients by cultivated plants, and finally also their growth, yield and chemical composition [9, [13] [14] [15] . Soil properties are of significant importance in the cultivation of carrot [16] and to a lesser degree in the cultivation of red beet [17] . Until now, there has been only sparse information about the response of carrot and red beet to no-tillage cultivation using cover crops and especially using white mustard as a cover crop [13, 14, 18, 19] . According to Leavitt et al. [20] , some cover crops decrease weed density but also reduce vegetable yields in no-tillage production. The purpose of this experiment was to study the influence of white mustard as a cover crop on emergence, growth, yield and chemical composition of carrot and red beet as well as on the occurrence of weeds in these crops under no-tillage cultivation.
Material and methods
The field experiment was conducted at the Felin Experimental Farm (215 m above sea level, 51°14' N latitude, 22°38' W longitude) belonging to the University of Life Sciences in Lublin in the years 2009-2011. The plants were cultivated on podzolic soil derived from dusty medium clay with a pH of 6.6 and an organic matter content of 1.8%. In the middle of the second week of August of the year preceding the cultivation of carrot and red beet, 76.8 m 2 (6 × 12.8 m) of the experimental field was fertilized with 80 kg N ha −1 ammonium nitrate, 22 kg P ha −1 super-phosphate, and 83 kg K ha −1 potassium chloride. Then, the field was tilled with a rotary cultivator and seeded in rows with 30 kg ha −1 white mustard (Sinapis alba L.) 'Bardena' seeds, with a 12 cm distance between rows. The other part of the field was ploughed 20 cm deep in November, whereas in the middle of April of the following year it was fertilized with the same phosphorus and potassium fertilizers as the field with white mustard and then cultivated with a rotary cultivator 15 cm deep. Nitrogen was applied in the form of ammonium nitrate: 70 kg N ha −1 was mixed with the upper soil layer before sowing carrot and red beet seeds and 70 kg N ha −1 was applied as a top dressing at the end of May. The no-tilled plots covered with mustard mulch were fertilized with 70 kg N ha −1 one week after sowing carrot and red beet seeds and again with 70 kg N ha −1 at the end of May.
The emergence, growth and development of mustard as well as of carrot and red beet plants were observed. At the end of October, the average height of the mustard crop was determined and then plants growing on 1 m 2 were dug up and their fresh weight was measured.
At the beginning of winter, mustard plants were killed by frost and in the middle of April the standing mustard stems were rolled and formed mulch covering the surface of the no-tilled plots. At the beginning of the third week of April, seeds of carrot (Daucus carota L.) 'Berlikumer 2 -Perfekcja REW' (3.0 kg ha −1 ) and seeds of red beet (Beta vulgaris L.) 'Czerwona Kula REW' (10.0 kg ha −1 ) were sown by hand in rows 6 m long and with a 40 cm distance between them. The rows in the no-tilled plots covered with mulch were made using a hand hoe. The area of one plot was 9.6 m 2 and there were 4 rows in the plot and 4 plots in one treatment.
In the middle of May, when the weeds were at the cotyledon or first true leaf stage, the number and fresh weight of weeds growing in the interrows in a 0.4 m 2 area were measured. Then, the plots were weeded by hand and afterwards the number of carrot and red beet seedlings emerged in 1 m of each row was determined. Two complementary weedings were performed at the end of May and three weeks later. During the vegetation period, the length of the longest leaf of twenty carrot and red beet plants growing in each row was measured at the end of the third week of June, July, and August.
At the beginning of August, samples of fully developed carrot and red beet leaves were collected and then the content of total nitrogen (distillation method), phosphorus (colorimetric method), potassium (flame photometry), calcium (flame photometry), and magnesium (atomic absorption spectrometry) in air-dry leaves was determined at the Regional Chemical-Agricultural Station in Lublin.
Both vegetables were harvested in the middle of September. Immediately after harvest, the weight of whole plants with leaves was measured. Then, the leaves were cut off and the carrot roots were sorted into two size classes: with a diameter smaller than 20 mm and with a diameter bigger than 20 mm. The red beet roots were sorted also into two size classes: with a diameter smaller and bigger than 40 mm. Next, the samples of carrot roots with a diameter bigger than 20 mm and those of red beets with a diameter bigger than 40 mm were collected and the content of dry matter (oven dry method), total sugars and monosaccharides (Schoorl-Luff 's method) was determined in these samples in the Laboratory of the Department of Vegetable Crops and Medicinal Plants, University of Life Sciences in Lublin.
The results were studied by analysis of variance and the significance of differences was determined at a 0.05 probability level.
Results
The emergence of cover crop depended on precipitation in the middle of August. In 2009 the quantity of rainfall was enough for good emergence of mustard which covered entirely the soil surface, leaving no place for the growth of weeds. In 2010 there was little rain in this period and the emergence of white mustard was much worse. At the end of October mustard plants were in full bloom and attained a height of 93 cm in 2009 and 91 cm in 2010, while their fresh weight was 4136.2 g m −2 and 3231.4 g m −2 , respectively. The plants were killed by frost in the winter and after rolling them in April next year their residues covered 93% of the soil surface in 2010 and 75% in 2011. Mustard mulch decomposed slowly and in September it covered 25% and 10% of the soil surface, respectively, in these two years of the study. It had a significant effect on the number and fresh weight of weeds growing 4 weeks after sowing of carrot and red beet seeds (Tab. 1). At that time, 453 weeds on average grew on 1 m 2 of the conventionally cultivated plots and the number of weeds growing on the mulched plots was reduced by about 75%, but their fresh weight was bigger more than 6 times in comparison to that under conventional cultivation. This was caused by the appearance of numerous wintering and winter hardy species and especially annual blue grass (Poa annua L.), shepherd's purse [Capsella bursa-pastoris (L.) Med.], and common chickweed [Stellaria media (L.) Vill.] in places not covered by mustard plants in the fall of 2010. Next year, they started to grow in the early spring and some of them attained the flowering stage in the middle of April. The perennial species of broadleaf plantain (Plantago major L.) and common dandelion (Taraxacum officinale Web.) grew in the experiment occasionally, but they were more numerous on the no-tilled plots.
The emergence of carrot and red beet started 9-11 days after seed sowing and continued for several days. The emergence of weeds also began at this time and weed competition was dangerous especially for slow growing carrot seedlings. The mustard mulch did not protect the rows against weed infestation and their weeding was almost as much labourconsuming as the weeding of the rows in the conventionally tilled plots. The effect of mulch on weed infestation decreased gradually together with the decomposition of mustard residues, but with time the competitiveness of carrot and red beet plants against weeds increased. Their leaves covered the soil surface in the first half of July, leaving no place for weeds. In the second half of the cultivation period, only individual specimens of tall growing weeds appeared occasionally among carrot and red beet plants.
No-tillage cultivation using cover crops did not influence the emergence of red beet and had a favorable effect on the Method of cultivation did not influence the content of total nitrogen, phosphorus, potassium and magnesium in carrot leaves in the middle of the vegetation period, whereas the content of calcium was significantly higher under notillage cultivation (Tab. 4). The content of all macronutrients analyzed, except for magnesium, was significantly higher in the first year of the study. It was also dependent, except for potassium, on the interactions between cultivation method and year. In the case of red beet, the content of total nitrogen was higher under no-tillage, while the content of phosphorus and calcium was higher under conventional cultivation (Tab. 5). The content of potassium and magnesium was independent of cultivation method. The content of total nitrogen was higher and the content of potassium, calcium and magnesium was lower in the first year of cultivation, while the content of phosphorus did not depend on this factor. The content of all macroelements, except for magnesium, was also dependent on the interaction between the method and year of cultivation.
The yield of carrot plants with leaves as well as the total yield of roots and the yield of roots with a diameter bigger than 20 mm were significantly higher under conventional cultivation. The yield of roots with a diameter smaller than 20 mm did not depend on cultivation method. All the types of carrot yield depended significantly on the year of study (Tab. 6). Similarly, the yields of red beet were also dependent on the year of study (Tab. 7). Total yield of red beet roots and 
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yield of roots with a diameter bigger than 40 mm depended significantly on the method of cultivation, whereas yield of plants with leaves and yield of roots with a diameter smaller than 40 mm were not dependent on this factor. Carrot and red beet roots harvested under no-tillage cultivation contained significantly more dry matter, monosaccharides and total sugars in comparison to conventionally tilled roots. Moreover, the content of these components depended on the year of study, except for monosaccharides in carrot roots (Tab. 8, Tab. 9).
Discussion
Seeded in the middle of the second week of August, mustard plants grew fast, produced a considerable amount of biomass and covered the soil surface entirely, leaving no place for weed growth. However, the lack of rain after sowing mustards seed can cause poor emergence of mustard and in consequence its worse performance as a cover crop. This agrees with the results obtained by other authors [7] [8] [9] 11] . In the spring of next year after seeding, the mustard residues 
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covered the majority of the soil surface and protected it well against weeds. Several wintering and winter hardy weeds appeared in places not covered by mustard mulch and such weeds should be removed in the early spring to avoid their competition with cultivated plants. Moreover, numerous weeds emerged in the rows where carrot and red beet were growing and removing these weeds was labour-consuming. A similar effect of mustard mulch on weed infestation in notilled vegetable crops was observed by Mikuła and Borowy [7, 8] and Borowy [9] . The obtained results confirm the opinion of Leavitt et al. [20] that weeding of a mulched field cause some problems and sometimes the use of herbicides can be necessary. They also confirm the opinion of Teasdale et al. [21] that cover crops provide early-season weed suppression but not full-season weed control and that early weed suppression provided by cover crop residue permits crops to become established before weeds. Taking into consideration all the positive aspects of cover crops, these results are in line with the opinion of Zimdahl [22] that cover crops can be a part of alternative, non-chemical systems of weed control associated with sustainable agriculture. Time of emergence of both vegetables was not affected by the method of cultivation. The emergence of red beets in no-tilled soil covered with mustard mulch was as good as in conventionally tilled soil and the emergence of carrot was even better (Tab. 2). These results confirm the data obtained by other authors [9, 15, 18] and can be explained by good soilseed contact [23] and higher soil moisture of no-tilled soil in the spring [7, 9, 13] . However, the further growth of carrot and red beet plants was slower under no-tillage cultivation and ultimately the yields produced by these plants were also significantly lower. A slower growth and reduced yields of vegetable plants have also been observed under no-tillage cultivation using cover crops in several other experiments [18] [19] [20] . The effect of cultivation method on the content of macroelements in carrot and red beet leaves was differentiated by and sometimes depended on the year of study and on the interaction between cultivation method and year. This is in line with the results obtained by Jelonkiewicz and Borowy [15] and Borowy [9] . Carrot and red beet roots from the no-tillage system contained significantly more dry matter, monosaccharides and total sugars than roots cultivated conventionally. Similarly, Borowy and Jelonkiewicz [24] and Borowy et al. [18] found a higher content of dry matter in red beet roots harvested under no-till cultivation. Plants produce more sugars under stress conditions [25] and therefore the results obtained in this experiment indicate that no-till cultivation with cover crop was more stressing for both studied root vegetables than conventional cultivation.
Conclusions
White mustard is a good cover crop in no-tillage cultivation of carrot and red beet. Its effectiveness in weed control depends on the amount of biomass produced by mustard plants.
No-tillage cultivation using white mustard as a cover crop did not affect the emergence of red beet and had a favorable effect on the emergence of carrot. Tab. 9 Content of dry matter, monosaccharides and total sugars in red beet roots depending on cultivation method.
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